pidemiological studies have established that high concentrations of total cholesterol and low-density lipoprotein (LDL) cholesterol, as well as triglycerides, are associated with increased risk of atherosclerosis. [1] [2] [3] Type III hyperlipoproteinemia (HLP) is a rare inherited dyslipidemia characterized by the presence of -migrating very-low-density lipoprotein remnants, 4 and the concentrations of serum cholesterol and triglycerides are usually elevated to approximately 300 mg/dl. The serum concentrations of LDL cholesterol, an atherogenic lipoprotein cholesterol, are usually lower than normal, whereas that of remnant lipoprotein cholesterol is markedly elevated. The common molecular cause of type III HLP is homozygosity for a rare isoform of apolipoprotein (apo) E, namely E2, whose single amino acid at residue 158 is changed from arginine to cysteine. 5 However, less than 10% of apoE2 homozygotes are known to develop hyperlipidemia, 6, 7 which indicates that the manifestation of hyperlipidemia requires additional genetic, hormonal, or environmental factors, such as obesity, diabetes, hypothyroidism, or abnormal estrogen status. 7 Patients with type III HLP have an increased risk for premature systemic and advanced atherosclerosis, despite having low concentrations of LDL cholesterol. 4, 8, 9 To our knowledge, there are very few detailed reports on the long-term development and progression of atherosclerotic lesions in type III HLP. We report a woman with type III HLP (homozygous for apoE2) that was thought to be exaggerated by the onset of Sheehan's syndrome, and she developed advanced atherosclerotic lesions in the coronary, carotid and renal arteries, and abdominal aorta during a 28-year-clinical course.
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Case Report
A 38-year-old Japanese woman was admitted to Kanazawa University Hospital in 1975 for examination of systemic xanthomatosis. At the age of 21 years in 1959 she had excessive bleeding during her third delivery, after which she become drowsy 7 days later and developed amenorrhea. She also lost her pubic and axillar hair, and became sensitive to cold. Her first cutaneous xanthoma was observed on her left thumb in 1971, after which they developed on her elbows, the backs and soles of her feet, and her knees. Xanthoma striatum palmare was also found ( Fig 1A) . Her serum total cholesterol and triglyceride concentrations were 500 and 898 mg/dl, respectively, and lipoprotein analysis by agarose gel electrophoresis showed The apoE phenotype of the patient was later determined to be apoE2/E2. Several endocrine tests were performed to examine her anterior pituitary function (Fig 2) and the results showed that her anterior pituitary function, especially for thyroid stimulating hormone, was severely impaired, and because of the previous episode of genital bleeding she was diagnosed with Sheehan's syndrome.
She received 20 mg of hydrocortisone and 70 mg of thyroid sicca ( Fig 3A) . The serum total cholesterol and triglyceride concentrations were considerably decreased to approximately 200 and 150 mg/dl, respectively, by dietary and hormone replacement therapy (HRT). Surprisingly, her palmar xanthoma began to disappear 2 months after starting HRT and had completely disappeared after 2 years of additional treatment with clofibrate ( Fig 1B) . However, the HRT increased her blood pressure above the normal range ( Fig 3B) . Lipoprotein analysis by agarose gel electrophoresis showed persistence of the broad--band throughout the clinical course. In December 2003, the serum creatinine concentration increased gradually from approximately 0.6 mg/dl to 1.6 mg/dl, and an ultrasonic examination revealed an atrophic left kidney. She was admitted to Kanazawa University Hospital for further examination of renal function and vascular complications in January 2004.
Her serum lipid concentrations at admission are shown in Fig 4. Despite her serum cholesterol and triglyceride concentrations being within the normal limits, a significant amount of remnant lipoprotein was detected by electrophoresis and ultracentrifugation analysis. Coronary angiography performed in January 2004 showed significant progression of coronary atherosclerosis especially in the right coronary artery (Fig 5B) , compared with the findings in 1976 ( Fig 5A) . Abdominal aortography and 3-dimensional computed tomography showed severe stenosis in the proximal portion of the left renal artery and occlusion of the right renal artery. A high degree of atheroma was present on the surface of the abdominal aorta ( Fig 6) . The intima -media thickness of the common carotid artery was 0.9 mm, and atherosclerotic plaques were observed around the bilateral bifurcations of the carotid arteries. However, no significant intracranial atherosclerotic lesions were detected by magnetic resonance angiography (data not shown).
Discussion
The present case can be discussed from 2 viewpoints: (1) the etiological significance of anterior hypopituitarism to the onset of female type III HLP, and (2) higher concentrations of remnant lipoprotein independent of hyper-LDLcholesterolemia as a cause of systemic atherosclerosis.
The primary molecular cause of type III HLP is the presence of apoE2. 4 The development of overt hyperlipidemia is known to require homozygosity of apoE2, although most apoE2 homozygotes present with normolipidemia or even hypolipidemia, 6, 7 which indicates that the manifestation of type III HLP requires factors. This is the first case report of type III HLP caused by homozygosity of apoE2 exaggerated by Sheehan's syndrome, with secondary anterior hypopituitarism that resulted from the genital bleeding. In fact, type III HLP is much more common in males than in females, and atherosclerosis seldom develops in females until menopause. 4, 10, 11 There have been case reports of type III HLP exaggerated by hypothyroidism in females, [12] [13] [14] [15] [16] 3 of which were associated with idiopathic early amenorrhea. [12] [13] [14] The present case also showed both hypothyroidism and pituitary amenorrhea. Nearly all the female patients with type III HLP in the previous reports were post-menopausal, with estrogen replacement returning the lipid profile to normal. 4 Thus, estrogen insufficiency in addition to hypothyroid status might be important for the presentation of hyperlipidemia in apo E2/2 women.
It is very rare for premenopausal females to show clinically significant atherosclerosis even in familial hypercholesterolemia, 17 a well known proatherogenic genetic disorder. Although most estrogen replacement therapy fails to ameliorate atherosclerotic cardiovascular diseases, endogenous estrogen is recognized as an atheroprotective hormone with the following effects on blood vessels: vasodilatation, inhibition of the response to vascular injury, increase in endothelial-cell growth, and smooth-musclecell growth. 18 Estrogen is also known to exert an atheroprotective effect on the lipid profile, by decreasing the total and LDL cholesterol concentrations and that of lipoprotein (a), and increasing the high-density-lipoprotein cholesterol and triglyceride concentrations. 18 On the other hand, the role of testosterone in atherogenesis is controversial. 19 In In 1976, mild-to-moderate atherosclerotic lesions were observed in the proximal portion of the left anterior descending artery (approximately. 50% in diameter), the proximal portion of the posterolateral artery (approximately 25% in diameter), and the proximal-to-middle portion of the right coronary artery (50-75% in diameter). In 2004, there was no significant angiographic progression of atherosclerotic lesions in the left coronary system, but 90% and 75% (diameter) stenoses had developed in the proximal and middle portions of the right coronary artery, respectively. the case presented here, the concentrations of both estrogen and androgen were unphysiologically low (data not shown), and low sex hormone status in addition to type III HLP might play a role in the progression of systemic atherosclerosis.
The other important feature of the present patient was the development of premature coronary atherosclerosis and severe peripheral atherosclerosis, which provides strong evidence that factors other than LDL cholesterol concentration, such as remnant lipoproteins, contributed to the development and progression of atherosclerosis. It is difficult to presume when renovascular hypertension became clinically overt. Losito et al reported that renovascular hypertension increases in coronary artery disease more frequently than essential hypertension. 20 Angiotensin II, which increased in a patient with renovascular hypertension, induced proatherogenic inflammatory cytokines such as interleukin-6 21 and antithrombotic factors such as plasminogen activator inhibitor-1 22 in vitro. It is therefore speculated that atherosclerotic renovascular hypertension rapidly accelerates the progression of systemic atherosclerosis.
Finally, premature coronary artery disease had already developed in the patient when she was only 38 years old, 17 years after the onset of Sheehan's syndrome, with apparent hyper-remnant-lipoproteinemia. Coronary and peripheral atherosclerosis progressed considerably despite the LDL cholesterol concentrations being kept within normal limits by dietary and clofibrate treatment. We presume that lipoproteins other than LDL, such as the remnant lipoproteins, that were continuously elevated during the clinical course, contributed to the development and progression of the marked atherosclerotic lesions in this patient. Anterior hypopituitarism and renovascular hypertension might also have accelerated systemic atherosclerosis.
